Although it has been suggested that the distribution of Dictyota dichotoma is probably restricted to the European Atlantic Ocean and the Mediterranean Sea, its occurrence in the Canary Islands (new southernmost distribution limit) is confirmed by nuclear ribosomal sequence data (LSU rDNA). Even though D. dichotoma has been described and illustrated prominently in early studies of brown algae, the species remains difficult to characterize due to considerable morphological plasticity. An exhaustive analysis of several quantitative characters confirms significant morphological variation both seasonally and between life-cycle phases. The species may be characterized in the Canary Islands only by the following qualitative features: erect thallus attached by a single holdfast, subdichotomous branches always of similar width, straight terminal segments and smooth margins and an entirely unilayered medulla. In the Canary Islands, D. dichotoma is an aseasonal annual with at least three overlapping generations in which sporophytes and gametophytes grow simultaneously. Thallus life span seems to be less than 3 months. The species occurs throughout the year, but as cryptic microthalli in autumn. Two abundance peaks were detected with the maximum value in February (6.2 thalli m -2 ). The optimum reproductive stage (88.3% fertile specimens) occurred in winter and the maximum vegetative stage (maximum thallus length: 18.6 cm) in summer. Sporophytes outnumbered gametophytes throughout the year, with ratios decreasing from 13.2"1.1 in winter to 1.9"0.2 in summer. Gametophytes made up to 25% of the population and fertile thalli were always dominant. The populations from the Canaries exhibited a temporal displacement compared to northern populations with the favorable period in the coldest season (winter) and the resting period in the warmest season (autumn).
Introduction
The genus Dictyota Lamouroux comprises species widely reported from tropical and subtropical shores around the world (De Clerck et al. 2006) . The type species, Dictyota dichotoma (Hudson) Lamouroux, was originally described from Walney Island, United Kingdom (Hudson 1762 , Silva et al. 1996 and reported later from numerous localities in the Atlantic, Indian and Pacific Oceans (see Guiry and Guiry 2007) . Nevertheless, karyological studies (chromosome counts) and crossing experiments carried out by Schnetter et al. (1987) suggested that the distribution of D. dichotoma was probably restricted to European Atlantic coasts and the Mediterranean Sea. In agreement with Schnetter's beliefs, De Clerck (2003) concluded that D. dichotoma was most probably absent in the Indian Ocean, despite numerous previous reports. Records from the Pacific Ocean have also been questioned (South and Skelton 2003, Tsuda 2004) . The presence of D. dichotoma along European and Mediterranean shores is undisputed, but it is much less clear how far south the range of this species extends. Assessing the geographic distribution of D. dichotoma, however, is problematic due to considerable morphological plasticity. Although this species has been described and figured prominently in early studies of brown algae and phycological manuals (e.g., Thuret 1855 , Newton 1931 , Hamel 1939 , Smith 1955 , Bold and Wynne 1978 , there is no diagnostic characterization of the species based on modern criteria. Currently, a combination of high morphological variability and a lack of distinctive characters makes an accurate and concise description difficult (De Clerck 2003) . An unequivocal identification of the specimens from extra-European or Mediterranean shores (e.g., Canary Islands) must be based on a comparison with DNA sequences from the genuine European D. dichotoma. The first aim of this study was to confirm the identity of specimens named D. dichotoma from the Canary Islands using nuclear ribosomal sequence data (LSU rDNA) and to present a detailed account of its vegetative and reproductive morphology, analyzing the plasticity of the species.
As in other Dictyotales, Dictyota dichotoma has a diplohaplontic life cycle with macroscopic sporophytes alternating with morphologically similar gametophytes (van den Hoek et al. 1995) . However, little is known about the life history processes in natural populations of Dictyota species (Peckol 1982 , King and Farrant 1987 , Phillips 1988 , Hwang et al. 2005 . Populations apparently survive less favorable seasons as small germlings, which form new populations when favorable conditions return. Occurrence of microthalli (resting stages) has been reported in Dictyota menstrualis (Hoyt) Schnetter, Hö rnig et Weber-Peukert (Richardson 1979, as D. dichotoma) from the western Atlantic Ocean. According to the scarce information available, D. dichotoma seems to have a varying phenology through its latitudinal range. It is widely known that D. dichotoma is not visible to the unaided eye from approximately October to March along temperate Atlantic European coasts (Hamel 1939, Stegenga and Mol 1983) . The Mediterranean populations occur from February to August, being largely absent in autumn and early winter (Feldmann 1937 , O. De Clerck personal observations). However, preliminary observations of Canary Islands populations still suggest a different phenology. Essential information about lifespan of the individual thalli, number of generations per year and sporophyte/gametophyte ratio is not available. The second aim of the present study was to test a possible temporal displacement of favorable and resting periods across the distribution range of the species and to provide phenological data on population dynamics in a subtropical locality.
Materials and methods
Sampling was carried out monthly from April 2003 to March 2004 at Punta del Hidalgo, north Tenerife, Canary Islands (288359 N, 168209 W). All specimens from a sublittoral area of 25 m 2 were counted monthly for a density value. A minimum of 10 individuals was randomly collected from adjoining areas each month and preserved in 4-10% formalin in seawater. For morphometric analyses and descriptive purposes, thalli were scored for 14 vegetative characters. In addition, sporophytes were scored for 2 additional characters and gametophytes for 12 (male) and 6 (female) characters.
For each specimen, thallus length, number of branches arising from main axes, lengths and widths of interdichotomies and apical width were measured. The angle between two branches (branching angle) was measured in the median and proximal parts of the thallus. Lengths and widths of cortical and medullary cells were measured in surface view at an interdichotomy situated well below the apex, while their height was measured in transverse section. The number of medullary cells with cell wall thickenings per mm 2 was counted in surface view at the second interdichotomy below the apex. Mature parts of each individual were selected for reproductive features. Number, widths and lengths of rows of antheridia, lengths and widths of central antheridia and tiers per antheridium, number of oogonia per sorus and diameters of central oogonia were obtained in surface view. Heights of paraphyses, antheridia, oogonia and stalk cells, and number of loculi per tier of antheridia were measured in transverse section. For each character, minimum and maximum sizes and the 95% confidence limits were determined. Micrographs were taken using a Nikon Coolpix 4600 digital camera (Nikon, Tokyo, Japan) attached to a ZEISS standard microscope (Zeiss, Berlin, Germany). Specimens examined were deposited in herbarium TFC (Departamento de Biología Vegetal, Universidad de La Laguna, Canary Islands).
Data were analyzed using parametric statistical methods, following Sokal and Rohlf (1995) . Levene's test was applied to test the various data for homogeneity of variances. For studying the effects of season, data from 3 months were used per season (spring: March, April and May; summer: June, July and August; autumn: September, October and November; winter: December, January and February). One-way analysis of variance was used to detect temporal variation between seasons and between life-cycle phases (autumn was not considered because the number of specimens was very low). Student-Newman-Keuls (SNK) or Scheffé multiple range tests were used to segregate groups means. All statistical analyses were performed using the SPSS system for Windows v.12.0. (SPSS, Chicago, IL, USA).
LSU rDNA sequences of Canary Islands specimens were generated and compared with sequences from genuine Dictyota dichotoma from continental Europe, as well as from additional species that share a similar morphology, or which are known to occur in the Macaronesian region (Table 1) . Although a rather conservative phylogenetic marker, the LSU gene has several regions that are highly variable and species specific. Most notably, the C-helix (De Rijk et al. 2003) possesses several loop regions that have sufficient variation at the species level. DNA extraction, amplification, sequencing and alignment of the LSU sequences based on secondary structure were carried out according to De Clerck et al. (2006) . Two-dimensional drawings of helices were produced using RnaViz2 (De Rijk et al. 2003) .
Results

Molecular identification
Partial LSU rDNA sequences of the Dictyota population at Punta Hidalgo, Tenerife were generated and compared to a variety of existing Dictyota sequences of morphologically similar species and sequences generated from additional Dictyota species growing in the Canary Islands. The sequence of the presumed Dictyota dichotoma from Tenerife differed at two positions (uncorrected distances0.2%) from two sequences known to belong to D. dichotoma from Atlantic France based on an alignment containing 1373 positions. Uncorrected distances among the other species ranged from 1.5% to 4%. Furthermore, no sequence differences were observed between D. dichotoma from the Canary Islands and the specimens from Roscoff and Audresselles in the C-helix (Figure 1 ). The latter region of the LSU is highly variable within the Dictyotales, displaying a huge variation in secondary structure among the genera. Species level comparison typically reveals several point mutations and indels that appear to be species specific.
Vegetative and reproductive morphological characteristics
Thalli of Dictyota dichotoma are erect, (3.7-)8.7-9.4(-18.6) cm long, often supple but occasionally with stiff basal parts, attached by rhizoids that usually form a discoid holdfast (Figures 2-4) . In vivo, thalli have a brightly blue-greenish iridescence, while dry specimens are pale yellowish brown. Widths are similar through the whole thallus, with interdichotomies (3-)7.5-7.8(-15) mm long and (1.5-)3.2-3.3(-6) mm wide, and apices rounded to obtuse, (0.25-)1.1-1.2(-3) mm wide ( Figure 5 ). Thalli branch subdichotomously, with a distinct main axis to (6-)13-14(-25) times branched. The branching angles are acute in the apical portions of the thallus, . Thickenings form a moldinglike structure filling 2-4 angles between the outer and inner cell walls of the medullary cells. In surface view, thickenings are L-, U-, or frame-shaped, bright structures located below the layer of cortical cells and reaching up to 10 mm ( Figure 6 ). Thickenings are restricted to a single wall parallel to the thallus surface, and in transverse section, less than half of the cell height is thickened ( Figure 7 ).
Sporophytes bear sporangia scattered on both thallus surfaces; they are restricted to the central part of the thallus (Figures 8 and 9 ). Sporangia are dark brown, subspherical, (52-)112-115(-160) mm in diameter, without an involucrum and are borne on single stalk cells that are 
Occurrence, abundance and seasonal variation
Individuals of Dictyota dichotoma grow scattered and epilithically in shallow sublittoral habitats together with other Dictyotales, such as Lobophora variegata (Lamouroux) Oliveira, Taonia atomaria (Woodward) J. Agardh, Zonaria tournefortii (Lamouroux) Montagne, Padina pavonica (Linnaeus) Thivy, other Dictyota species, and articulate coralline algae (Jania adhaerens Lamouroux and Corallina elongata Ellis et Solander).
Specimens of Dictyota dichotoma were observed throughout the year (except in October), though in very low numbers in autumn. Fluctuations in monthly density value occurred in the study area; there was a bimodal distribution of density by time (Figure 19 ). The first peak occurred in May (3.2 individuals m -2 ) and the population density declined steadily towards autumn. After the minimum density value of autumn, the number of individuals per m 2 increased again to a maximum of 6.2 individuals m -2 in February. Higher densities during certain months can be attributed to variability in sporophyte occurrence. The number of gametophytes was low year-round and fluctuated little (Figure 19 ). Dominance of sporophytes over gametophytes reached a maximum in winter, with 13.2"1.1 sporophytes for every gametophyte, and was rather lower in spring (2.5"0.6) and summer (1.9"0.2). Fertile thalli were always more abundant than non-fertile thalli, with ratios of 6.5"2.2 in winter, 4.3"1.6 in spring and 2.7"2.4 in summer. Gametophytes as well as non-fertile specimens were not found from September to November.
Thalli of different ages from juvenile to adult were present in each month, producing variable trends in habit parameters. In December, individuals had the lowest mean value in thallus length (6.1"1.0 cm) and number of branches (10.6"1.6), whereas the tallest (11.6"3.2 cm) and most branched (17.1"3.0) specimens were found in July. The greatest inequalities in both length (9.1"3.4 cm) and number of branches (14.7"5.0) between individuals were observed in August. In December, lengths of interdichotomies were at the lowest mean value (6.9"2.7 mm), and the highest values (8.5"1.8 mm) occurred in April, before thalli reached their maximal length. There was a different pattern in widths of interdichotomies, as thalli had the highest mean value (3.9"0.8) in March and the lowest (2.7"0.6) in May. In August, thalli had the narrowest apices (0.8"0.2 mm), while the widest (1.5"0.5 mm) occurred in April. Finally, the apical parts of thalli had the highest mean branching angle in December (23.1"7.78) and the lowest (16.6"6.38) in March, whereas middle-basal parts of thalli had their highest mean branching angle (76.3"24.38) in August and lowest (51.6"16.78) in April (Figure 20) . The different life-cycle phases had different patterns of temporal variation in thallus length (Figure 21 ). Sporophyte length increased in June-July (11.9"3.1 cm), decreasing until September when macroscopic thalli almost disappeared. Sporophyte length increased again from December to February-March (11.4"2.4 cm). Lengths of female gametophytes reached maximum mean values before and after the autumn resting period (13.1"2.6 and 12.2"1.5 cm, respectively), while the minimum value was observed in May (6.1"1.7 cm). Although male gametophytes did not show seasonal variation in length, slight increases were observed in April, August and February. Non-fertile specimens varied less in length than fertile thalli throughout the year (Figure 21 ).
Significant seasonal variations were detected in most habit and anatomical parameters when different life-cycle stages were pooled. Interdichotomy widths (except for female gametophytes) and lengths and widths of cortical cells were the only features that did not vary through the year (Table 2) .
Regardless of temporal variation, there were significant differences between the different life-cycle phases (Table  3) . Non-fertile specimens were significantly shorter and less branched than fertile specimens. The height of medullary cells was the unique parameter which differed significantly between the three fertile phases, with the highest mean value in sporophytes, followed by female and male gametophytes in sequence. Sporophytes had thinner apices, longer cortical and medullary cells and wider cortical cells than gametophytes. Female gametophytes had broader and smaller interdichotomies than sporophytes and male gametophytes. Finally, male gametophytes had the narrowest apical angles, shortest cortical cells and the narrowest medullary cells (Table 3) .
The reproductive parameters of Dictyota dichotoma varied significantly by season (Table 4) . Sporangia had their widest diameters in winter. Oogonia had their maximum diameters and heights in spring, although the number per sorus was maximal in winter. Antheridial parameters did not vary significantly among seasons.
Discussion
Dictyota dichotoma has been referred to as a species that is notoriously difficult to identify because of its great morphological plasticity (e.g., Schnetter et al. 1987 , Hwang et al. 2005 . Species delimitation in Dictyota is mainly based on a combination of qualitative features (i.e., growth form, attachment, shape of the apical segments, branching pattern, margins, iridescence and reproductive structures) and quantitative features (i.e., interdichotomy size, branching angle, sizes of cortical and medullary cells and sizes of reproductive structures) (Weber-Peukert 1985 , Hö rnig et al. 1992a ,b, De Clerck 2003 . Our exhaustive analyses of variability in quantitative characters revealed that most of these characters showed significant variation by season and life-cycle phase. Some features (width of interdichotomies, lengths and widths of cortical cells, lengths of antheridial sori, number of rows per antheridium, lengths of antheridial rows, lengths and widths of central antheridia, heights of antheridia, numbers of tiers per antheridium, and lengths and widths of oogonial sori) were stable throughout the year, and other features (branching angle in the median and proximal parts of the thallus and the number of thickened medullary cells) were stable between life-cycle phases. However, simultaneous stability by season and life-cycle phase did not occur for any character.
Therefore, Dictyota dichotoma is characterized by a constant ensemble of qualitative features, while quantitative features could be useful for evaluating intra-population morphological variation (throughout the year and between the different life-cycle phases), and among pop- Hö rnig et al. 1992b , De Clerck and Coppejans 1999 , De Clerck 2003 .
Phylogenetic evidence shows that specimens examined in this study are genuine representatives of Dictyota dichotoma. Because of the diversity of the genus in the Canary Islands, where 14 species have been reported (Afonso-Carrillo and Sansó n 1999), and the high morphological variability of the species, a molecular verification was essential. Nevertheless, our data indicate that specimens from Punta del Hidalgo (Canary Islands) differ somewhat in habit from populations of the same species growing in cooler environments. The Canarian thalli have maximum lengths of approximately 18 cm and maximal interdichotomy widths of 6 mm, while the Atlantic European thalli reach 30 cm high and 12 mm wide (Newton 1931) . These morphological differences follow the general pattern that larger specimens occur in the coldest regions of the distribution area of a species (Lü ning 1990), and the Canary Islands currently constitute the southernmost and warmest locality in the eastern Atlantic Ocean in which the occurrence of D. dichotoma has been confirmed.
In addition, specimens examined had two morphological features that had been previously overlooked. Firstly, thickened medullary cells were always present in all thalli examined. Although such thickenings are unknown in most species of Dictyota, they have been reported as occurring occasionally in D. dichotoma var. intricata from southern Australia and D. stolonifera Dawson from the Indo-Pacific Ocean (Womersley 1987, De Clerck and Coppejans 1999) . The constant presence and distinctive shape of thickenings of Canarian thalli suggest that this could be a character with taxonomic value, but it needs to be tested in specimens of others populations through its distribution area. Secondly, antheridial sori are surrounded by pigmented unicellular paraphyses; the innermost row of paraphyses elongates and becomes multicellular after antheridia have been shed. Occurrence of both unicellular and multicellular paraphyses related to different developmental stages (as we have found in D. dichotoma) has not been previously reported in the genus. De Clerck et al. (2006) characterized Dictyota by its hyaline unicellular paraphyses, whereas Canistrocarpus De Paula et De Clerck has pigmented multicellular paraphyses. It now seems that this diagnostic character should be somewhat refined. During ontogenesis, the male sori paraphyses of Dictyota are unicellular, while they are 2-3-celled from the early developmental stages In Punta del Hidalgo, Dictyota dichotoma is present from winter to summer, with maximum abundance in the coldest part of the year. In autumn, the species disappears almost completely, but survives as microscopic resting stages. These observations may be correlated with the temperature range observed along the warm temperate northeastern Atlantic region, that varies between the winter isotherms of 108C (north) and 208C (south) (van den Hoek 1975 (van den Hoek , 1984 . Both along continental European coasts and in the Canary Islands, maximal abundance occurs when seawater temperature is around 158C. For northern populations, the favorable period is the warmest season and the resting period is a consequence of low winter temperatures (coldest season) (Hamel 1939, Stegenga and Mol 1983) . In contrast, in the south, the favorable period is the coldest season and the resting period occurs during autumn (warmest season).
The bimodal distribution with two successive unequal peaks of abundance detected in the Dictyota dichotoma population studied may be correlated with at least three overlapping generations in which sporophytes and gametophytes are growing concurrently. The first gener-ation of macrothalli occurred in winter, when the population reached both maximum abundance and the highest number of fertile specimens (88.3%). The second and third generations grew throughout spring and summer, respectively. In summer, the species reached its optimum vegetative growth (maximum thallus length). Year-round overlapping generations have been observed also in D. alternifida J. Agardh and specimens attributed to D. dichotoma from South Australia by King and Farrant (1987) . Temporal displacements in maximum abundance and thallus length have been reported also in other dictyotaleans, such as Dictyopteris Lamouroux, Padina Adanson and Zonaria Lamouroux species (King and Farrant 1987, Montañ é s et al. 2006 ). However, both peaks of abundance and thallus length occur simultaneously for specimens attributed to D. dichotoma from South Australia (in autumn-winter; King and Farrant 1987) and Korea (in summer; Hwang et al. 2005) , and also for Canistrocarpus cervicornis (Kü tzing) De Paula et De Clerck from the southern Red Sea (in winter; Ateweberhan et al. 2005, as D. cervicornis) .
Dictyota dichotoma at Punta del Hidalgo (Canary Islands) is an aseasonal annual as defined by Lewis (1983) . As indicated by the amplitude of successive waves in abundance of the species, lifespan of thalli seems to be less than 3 months, a consequence of seasonal changes in recruitment and mortality (Santos 1995, Arenas and Ferná ndez 2000) . In each month, sporophytes dominated the population, lending support to the hypothesis that reproduction in dictyotalean species is almost entirely by means of sporangia, with occasional sexual reproduction (Allender 1977 , King and Farrant 1987 , Womersley 1987 , Phillips 1988 , Mayhoub and Billard 1991 , Hwang et al. 2005 . Sporophytic dominance has been related to a direct development of apomeiotic tetraspores into new sporophytic thalli (apospory), nonrandom distribution patterns, greater longevity and vegetative reproduction of the sporophyte generation (Phillips 1988) . However, life-cycle strategies (sexual vs. asexual cycle) vary among populations through the distribution area of a species. In D. dichotoma sensu Okamura from Korea, a dominant sexual life cycle occurs along the west coast, an exclusive asexual life cycle along the east coast, and both sexual and asexual reproduction occur on the south coast (Hwang et al. 2005 ). In the D. dichotoma population we studied, sexual reproduction has a relevant role, as gametophytes made up to 25% of the population. Additional studies are necessary to test whether changes in life-cycle patterns occur through the distribution area of D. dichotoma in the north Atlantic Ocean.
Most gametophytes collected near full and new moon had a high proportion of empty gametangia. The relation between gamete release and lunar cycle has been known for a considerable time in Dictyota. On European coasts, release occurs every fortnight (Williams 1905) , monthly 6-7 days after full moon in North America (Hoyt 1927) and 11-12 days after full moon in southern Australia (Phillips 1988) . Additional studies are necessary to determine whether specimens from the Canary Islands have the fortnightly behavior of the northernmost Atlantic populations.
